The present investigation showed that the indicator dye m-cresol purple (mCP) was degraded in a laboratory scale, undivided electrolysis cell system. A platinum anode was used for generation of chlorine in the dye solution. The influence of supporting electrolyte, applied voltage, pH, initial dye concentration and temperature were studied. The ultraviolet-visible spectra of samples during the electrochemical oxidation showed rapid decolorization of the dye solution. During the electrochemical degradation process, dye concentration and current were measured to evaluate the energy consumption and current efficiency. After 10 minutes of electrolysis, a solution containing 20 mg/L mCP showed complete color removal at a supporting electrolyte concentration of 1 g/L NaCl, initial pH 6.7, temperature 25 W C and applied voltage 5 V; however, when pH was kept at 6.7, a higher rate constant was observed. There was good fit of the data to pseudo-first-order kinetics for dye removal in all experiments. Dependence of the decolorization rate on the initial mCP concentration can be described as r oα[mCP] o À0.98 . The apparent activation energy for the electrochemical decolorization of mCP was determined to be À6.29 kJ/mol.
INTRODUCTION
where kWh/kg mCP reduced, V is the cell potential (volts), I
is the applied current (amperes), t is time (seconds), m i is the mass of initial mCP (kg) and m f is the mass of mCP (kg) at the given time. The mass of mCP was calculated according to its concentration at the time. Because, the reactor volume was 0.4 L the mass of dye could be obtained by (Equation (2))
where C is the concentration of mCP (mg/L).
The current efficiency (CE) during electrochemical oxidation of dye was obtained according to Equation (3) (Polcaro et al. ).
where ΔC the change of mCP concentration (kg/L) obtained in the interval time of Δt (h), and I is the imposed current intensity, F is Faraday's constant (26.8 Ah) and V is the volume of the treated wastewater (L).
The degradation efficiency or conversion (X ) of mCP with respect to its initial concentration at any time can be obtained by
where C 0 and C are its initial and concentration at a given time.
RESULTS AND DISCUSSION
The role of supporting electrolyte
The electrochemical oxidation of aqueous solutions which EC is lower than at 1.5 g/L; EC is also lower for NaCl as an electrolyte for KCl (Table 2) . Thus, the rest of the experiments were carried out using 1 g/L of NaCl.
Also, as shown in Table 2 , when the dye removal efficiency increases, EC increases sharply. As electrolysis proceeds, degradation of the dye molecules will lead to decolorization and formation of several intermediates; consequent degradation of these intermediates can also occur.
Therefore, calculated EC is not only due to the decolorization process.
The effect of voltage on dye removal
As shown in Figure 3 , dye removal efficiencies were significantly affected by the cell voltage. At any time, during electrolysis increasing the applied voltage was accompanied with an increase in the percentage of dye removal, presumably due to the increased generation of OCl À species.
Between 6 and 10 minutes, the difference in the dye removal efficiency for applied voltage of 5 and 7.5 V is only about 4%, which is too small an increase to warrant choosing the 7.5 V potential as we are restricted in increasing potential by EC and CE considerations.
The effect of voltage on EC
The EC as a function of applied voltage has been calculated using Equation (1), and the results are presented in Figure 4 .
It is clear that EC increases with voltage, but the marked increase in EC between 5 and 7.5 V is not reflected in dye removal (see Figure 3) , suggesting an undesirable increase in water electrolysis and demonstrating the importance of choosing an operating voltage based on EC evaluation.
The optimum cell voltage based on CE
CE at the applied voltage of 5 V based on Equation (3) was calculated as 0.585 and 0.438 at 10 and 6 minutes of electrolysis; these amounts were the highest observed values of CE.
As shown in Figure 3 , increasing the cell voltage from 5 to 7.5 V did not show a significant effect on dye removal; hence, the cell voltage employed in subsequent experiment was 5 V, which is consistent with the data obtained in the EC evaluation. Figure 5 shows that at any time during electrolysis, the pH increases above the starting value of 6.7. The maximum variation in the pH is between 0 and 5 V and in this range the lowest dye removal from the solution was observed. Therefore, it may be concluded that, up to 5 V the accumulation of OCl À in the electrolyte causes the increase in pH after which the concentration of OCl À reaches a certain level at which point the oxidation process starts efficiently.
Effect of voltage on solution pH

Effect of pH on dye removal efficiency
pH is another parameter that plays an important role in indirect electrochemical processes because it influences the form of the electro-generated active chlorine and its oxidation potential (Chen ) , and it can also change substrate properties. For the diprotic sulfonephthalein dye mCP, the reaction of interest at the pH range of 4-12 is the second dissociation
where HI À and I 2-are the protonated (negative one ion) and According to Equation (6), the value of the pK 0 a is around 8; hence, the ratio of negative two-ion form of mCP concentration to its negative one-ion form [In 2À ]=[HIn À ] can be estimated by Equation (7).
For the study of influence of pH on electrochemical oxidation of mCP, pH of 4, natural (6.7) and 10 were selected. After adjusting the pH, electrolysis was started and the pH was kept constant at the desired value through the addition of 1 M H 2 SO 4 ; hence, according to Equation 
Kinetic investigations
In the indirect electrochemical oxidation, the rate of dye removal may be proportional to the pollutant and chlorine/ hypochlorite concentrations. Electrochemical oxidation of mCP exhibited pseudo-first-order kinetics with respect to the initial concentration of the dye (Equation (8)).
where k obs is the pseudo-first-order rate constant, [mCP] and
[mCP] o are the concentration at time (t) and (t ¼ 0), respectively. This is related to the dependence of the rate of oxidation on the rate of formation of the oxidizing species at the electrode surface.
The effect of applied potential on the rate constant was investigated and results are shown in Table 4 : voltage has an enhancing effect on rate constant because of the increase in concentration of active oxidant species such as Cl 2 /OCl À in solution. Also, increasing the cell voltage from 5 to 10 V does not change the rate constant significantly. Table 5 shows the effect of controlling the pH on the rate constant of dye removal. The kinetics of decolorization at all pH values follows the pseudo-first-order kinetic model and the highest rate constant was observed at natural pH of 6.7, confirming the optimum pH as discussed above.
It can be seen in Tables 4 and 5 that, when the pH was kept at 6.7, the rate constant (k obs ) was almost 1.42 times higher than that observed in the experiments which carried out at pH 6.7 without control of pH; change in the substrate properties and high oxidation potential of water in alkaline media may explain this observation.
An important parameter in wastewater treatment is the initial concentration of pollutants. The effect of the initial concentration of mCP on the decolorization rate constant is shown in Figure 7 . In all cases, dye oxidation was achieved but the time for the complete degradation increased with initial mCP con- As can be seen from the above data, the rate of electrochemical degradation of mCP depends on its initial concentration. The relationship between the rate of mCP degradation (r o ) and initial dye concentration can be described as follows: ).
Effect of temperature
The temperature is a critical parameter determining the electrochemical reaction rate. The effect of temperature on the electrochemical degradation rate constant of mCP was studied and results are presented in Table 6 . In the range 5-45 W C, about 30% decrease in the reaction rate constant was observed. Since, a high-operating temperature causes evaporation of the solution, higher operating temperatures (>45 W C) were not used.
The apparent activation energy (E a ) for the electrochemical degradation of mCP was calculated from the Arrhenius equation
where k obs (1/min) is the rate constant, A is the temperature independent frequency factor, E a is the apparent activation energy of the electrochemical degradation (kJ/mol), R is the gas constant (8.31 J/K mol) and T is the solution 
